The Sun's equator and the planets' orbital planes are nearly aligned, which is presumably a consequence of their formation from a single spinning gaseous disk. For exoplanetary systems this well-aligned configuration is not guaranteed: dynamical interactions may tilt planetary orbits, or stars may be misaligned with the protoplanetary disk through chaotic accretion 1 , magnetic interactions 2 or torques from neighbouring stars. Indeed, isolated 'hot Jupiters' are often misaligned and even orbiting retrograde 3, 4 .
The Sun's equator and the planets' orbital planes are nearly aligned, which is presumably a consequence of their formation from a single spinning gaseous disk. For exoplanetary systems this well-aligned configuration is not guaranteed: dynamical interactions may tilt planetary orbits, or stars may be misaligned with the protoplanetary disk through chaotic accretion 1 , magnetic interactions 2 or torques from neighbouring stars. Indeed, isolated 'hot Jupiters' are often misaligned and even orbiting retrograde 3, 4 .
Here we report an analysis of transits of planets over starspots [5] [6] [7] on the Sun-like star Kepler-30 (ref. 8) , and show that the orbits of its three planets are aligned with the stellar equator. Furthermore, the orbits are aligned with one another to within a few degrees. This configuration is similar to that of our Solar System, and contrasts with the isolated hot Jupiters. The orderly alignment seen in the Kepler-30 system suggests that high obliquities are confined to systems that experienced disruptive dynamical interactions. Should this be corroborated by observations of other coplanar multi-planet systems, then star-disk misalignments would be ruled out as the explanation for the high obliquities of hot Jupiters, and dynamical interactions would be implicated as the origin of hot Jupiters.
Kepler-30 is a star of nearly solar mass and radius, but it is probably younger than the Sun, judging from its faster rotation and more prominent starspots 8 . The starspots are crucial to measuring the stellar obliquity (the angle between the rotational and orbital angular momentum vectors). Starspots produce two effects: quasi-periodic variation (QPV) in flux caused by rotation, and shorter-term 'anomalies' in flux caused by the transit of a planet in front of a spot. The obliquity can be measured if one observes a sequence of anomalies 5, 7 , or a few single anomalies and the accompanying QPV 6 , as long as the effects of a single spot or compact group of spots can be isolated. This technique has been previously applied to solitary shortperiod planets, but not longer-period planets or systems of multiple planets. The other widely used technique for measuring stellar obliquities, the Rossiter-McLaughlin effect 9 , relies on precise spectroscopy during transits and would be impractical for a star as faint as Kepler-30.
We analysed 2.5 years of nearly continuous photometric time-series data from the Kepler space telescope 10 . The data set includes 27 transits of Kepler-30b ('planet b'; orbital period, ,29 days; radius, ,4 R E , where R E is the Earth's radius), 12 transits of Kepler-30c ('planet c'; 60 days; 13R E ), and 5 transits of Kepler-30d ('planet d'; 143 days; 10R E ). After removing instrumental artefacts (see Supplementary Information), we detected QPV with an amplitude (peak-to-peak) of 1.5%. The stellar rotation period is 16.0 6 0.4 days, based on a LombScargle periodogram 11 (Supplementary Information). To enable the obliquity analysis, we searched for anomalies during transits that are large enough in amplitude and long enough in duration to be caused by the same starspots that produce the QPV. Many such anomalies were identified during transits of the largest planet, c. A strong correlation exists between the timing of the anomaly relative to mid-transit, and the phase of the QPV: anomalies observed near mid-transit are found when the QPV is near a local minimum, whereas anomalies occurring before (or after) mid-transit are found before (or after, respectively) a local minimum. This is the signature of a lowobliquity star 6 . We used both of the above-mentioned methods to establish quantitative bounds on the obliquity: (1) quantifying the relationship between the anomalies and QPV; and (2) modelling a particular pair of transits for which the anomalies can be attributed to transits over the same spot. To support both of these methods, we determined the basic transit parameters-such as the planet-to-star radius ratio (R pl /R star ) and impact parameter-by fitting the transit data with a standard model for the loss of light during a planetary transit 12 . We excluded the anomalies from the fit, and accounted for transit depth variations due to unocculted spots (see Supplementary Information, and Supplementary Fig. 1 ). Results are given in Table 1 .
The premise of the first method is that any spot that causes an anomaly must also contribute to the QPV. For a given spatial orientation of the star, geometry dictates a specific relationship between the timing of the anomaly and the phase of the QPV. However, all spots contribute to the QPV, not just the occulted spot. Therefore, to measure the obliquity, we must associate each anomaly with a particular component of the QPV. Out of concern that such associations are ambiguous, we exhaustively tried all plausible associations. We rankordered the anomalies in order of the loss of light produced by the spot, and focused attention on the five strongest anomalies. We measured the time of each anomaly relative to mid-transit, as well as the time of the transit relative to each local minimum in the QPV within a rotation period (see Supplementary Information). For one of the anomalies there is only one plausible choice for the associated local minimum, whereas in each of the other four cases there are two candidate local minima, giving a set of 16 possible associations. We find that only one of these 16 is compatible with a single orientation of the host star, and in that case the stellar equator is aligned on the sky with the planet's orbit (see Fig. 1 , and Supplementary Fig. 2 ). We explored all allowed orientations with a Monte Carlo Markov Chain (MCMC) algorithm 13 , finding the sky-projected obliquity to be 4u 6 10u.
For the second method, we searched for pairs of anomalies produced by the same spot. Between successive transits of planet c, a spot will rotate 3.77 times around the star, thereby advancing in longitude by 0.77 of a full circle or 277u, relative to the meridian defined by the sky projection of the stellar rotation axis. An advance by 277u is equivalent to regression by 83u. Therefore, if a spot persists for at least four rotations, and if the spot's trajectory is parallel to the planet's trajectory Sky-projected obliquity, recurrence method (degrees) 21 6 10 Sky-projected obliquity, 5-anomaly method (degrees) 4 6 10 * Most of the host star parameters are obtained from the literature, and are based on the analysis of high-resolution spectra in conjunction with stellar-evolutionary models 8 The 'anomaly phase', which can be directly compared to the transit phase, is defined by sin w anom 5 2x/L, where x is the distance from the spot to the centre of the transit chord, and L is length of the transit chord. In this case w anom 5 15u 6 2u, in agreement with w tra and consistent with a low obliquity. c, Coloured lines show the expected relation between w anom and w tra , for different sky-projected obliquities (l) and a fixed stellar inclination of 90u. Because the association between anomalies and minima may be ambiguous, w tra was computed for all plausible associations, for the five largest spot anomalies. Only one such set of associations is consistent with a single choice of the stellar orientation. Shown here for that unique choice of associations (see Supplementary Table 3) is the observed relation between w anom and w tra implying a projected obliquity l 5 4u 6 10u. This error, and the errors on all phases, is 61 s.d.
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(that is, if the obliquity is low), then an anomaly observed in the second half of a transit should be followed by an anomaly in the first half of the next transit. The two anomalies should differ by 83u in the suitably defined 'anomaly phase' (see Fig. 1 ). Two of the five strongest anomalies have this expected phase relationship (see Fig. 2 ), corroborating the finding of a low obliquity. The QPV produced by this spot is coherent over the interval spanned by the two transits, confirming the persistence of the spot (see Supplementary  Table 2 ). Figure 2 shows a spot model fitted to the transit data. For completeness, three spots were included in the model, although only the largest spot (labelled 1) bears information on the stellar obliquity, because it was transited twice by planet c. The model parameters include the spin orientation of the star, the rotation period, and the spot properties (sizes, locations and intensities). Because the rotation period and spot properties are constrained externally from the QPV, the model could be used to constrain the spin orientation, with results given in Table 1 (see Supplementary Information for details) , including a sky-projected obliquity -1u 6 10u. This low sky-projected obliquity is likely to be representative of the true obliquity 14 . Furthermore, all three planetary orbits must be nearly coplanar. The mere existence of multiple transiting planets suggests coplanarity 15 , although the possibility remains that the orbits are mutually inclined with nodes (lines of intersection) that happen to lie along the line of sight. However, for Kepler-30, such mutual inclinations would be detectable through variations in transit times and durations caused by nodal precession. To quantify this argument, we performed a fourbody integration of Newton's equations [16] [17] [18] . To be compatible with the observed transit times and durations, the mutual inclinations must be smaller than a few degrees. A by-product of our dynamical analysis combined with the transit analysis and the known mass of the star 7 is the determination of the planetary masses and radius (Fig. 3, Table 1 ).
Such an orderly arrangement might seem to be a natural consequence of the standard model of planet formation, based on core accretion within a flat disk 19 . Recently, though, the host stars of many 'hot Jupiter' systems have been found with high obliquities, in some cases even spinning backward relative to the planetary orbit 3, 4 . Indeed, it has been argued that stars with hot Jupiters had initially random obliquities, and the only reason low obliquities are more frequent than expected is the obliquity-damping effect of planet-star tidal interactions 4 . The observed high obliquities in hot-Jupiter systems have been interpreted as evidence that hot Jupiters attained their close-in orbits through dynamical interactions (which can strongly perturb a planet's orbital orientation) followed by tidal capture. This view is in opposition to the previous paradigm for the origin of hot Jupiters, in which a gradual LETTER RESEARCH transfer of energy and angular momentum to the protoplanetary disk causes their orbits to shrink (and maintain a fixed orientation). One reason why the scenario involving dynamical and tidal interactions has not gained universal acceptance is that obliquity measurements were previously confined to giant planets with small periastron distances. One would like to make sure that the high obliquities are indeed confined to systems that have experienced dynamical interactions. Otherwise it remains possible that stars and their disks are generally misaligned for reasons unrelated to planets, such as chaotic accretion 1 , magnetic interactions 2 or differential torques produced by a neighbouring star.
Kepler-30 is the type of system that needed to be checked: the coplanarity of the planetary orbits suggests a quiescent history without disruptive dynamical interactions, and the planets are too far from the star for strong tidal interactions. The system was selected by virtue of significant spot-crossing anomalies, and not by any criterion that would have biased the result towards low obliquity. Therefore the observed low obliquity is a clue that star-disk misalignments are not the correct explanation for the high obliquities of hot Jupiter hosts, and that hot Jupiters arise from dynamics and tidal capture. There is only a 6% chance of observing such a low obliquity for Kepler-30 if obliquities were drawn from a random initial distribution. To strengthen our interpretation, additional observations of coplanar multiple-planet system are warranted, and are predicted to yield low obliquities. 

